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Fetal echocardiography is the most practical method for
diagnosing prenatal arrhythmias. Because some pre-
natal tachyarrhythmias have been shown to respond to
antiarrhythmic drugs, correctly diagnosing fetal ar-
rhythmias has assumed new importance. With the aid
of two-dimensional echocardiographic imaging, an M-
mode cursor can be aligned to record atrial and ven-
tricular wall motion-either independently or simulta-
neously. A consistent feature in the fetus is prominent
atrial wall contractions that can be readily recorded on
the M-mode tracing. By matching atrial and ventricular
wall contractions with assumed P waves and QRS com-
The prenatal diagnosis of cardiac arrhythmia is more than
an academic pursuit. Recent report s (1-10) have revealed
that pharmacologic intervention may be therapeutic in se-
lectcd cases of fetal cardiac arrhythmia. Thus, widespread
interest has developed (3,7,11-16) in identifying fetal ar-
rhythmias, particularly those that can and should be treated.
Fetal electrocardiography has had limited application as a
clinical tool (17); however, fetal echocardiography has been
shown to provide the means by which a fetal electrocardio-
gram can be reconstructed (13). By aligning an M-mode
cursor on the appropriate two-dimensional sector scan of
the fetal heart. atrial and ventricular wall motion can be
recorded independently and, in many instances, simulta-
neously . These M-mode recordings can serve as a template
on which the fetal electrocardiogram can be reconstructed.
Additional diagnostic help can be obtained from simulta-
neous recordings of atrial wall and atrioventricular or semi-
lunar valve motion . Gated pulsed Doppler studies of atrio-
ventricular and semilunar valve flow have also contributed
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plexes, the fetal electrocardiogram can be reconstructed.
In 57 fetuses studied, recurrent atrial and ventricular
ectopic beats were the most common prenatal arrhyth-
mias. However, atrial flutter, ventricular tachycardia,
atrial and ventricular bigeminy and atrial and ventric-
ular bradyarrhythmias have been correctly identified
and in some instances appropriately treated. Marked
fetal bradycardia in the midtrimester of pregnancy is
shown for the first time to be caused by transducer pres-
sure on the maternal abdominal wall.
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to the difficult process of arrhythmia interpretation (18).
The purpose of this report is to detail our method of fetal
arrhythmia assessment and to reveal the types of arrhythmia
encountered in 57 consecutive referrals of women because
of irregular fetal heartbeat.
Methods
Study cases. Over a 3 year period. 281 fetal echocar-
diograms were performed because of a specific risk factor
bearing on the fetal cardiovascular system. Of the 281 preg-
nant women. 57 were referred specifically because of an
irregular fetal heartbeat. Gestational ages ranged from 21
to 39 weeks and maternal ages from 17 to 40 years . Seventy-
one percent of the referrals were from a high risk obstetric
service , whereas 29% of the women were receiving routine
obstetric care .
Before fo cusing on the fetal heart . fetal ultrasonography
was performed to identify coexisting fetal or intrauterine
disease . There were five instances of polyhydramnios but
no major placental or umbilical vessel abnormalities noted
in the patients referred solely for fetal arrhythmia. Only one
of thc fetal arrhythmias was associated with a known major
cardiac malformation . Complete heart block was observed
in a fetus with a complicated transposition complex. Pre-
sumptive evidence of fetal congestive heart failure was noted
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Table 1. Fifty-Seven Cases of Fetal Arrhythmia
by intentionally positioning the M-mode cursor to cut obliquely
across a four chamber view of the fetal heart so that the
right atrium, ventricular septum. and left ventricular free
wall are depicted on the hard copy strip; it shows a ven-
tricular premature beat and the compensatory pause . Th e
irregularity of right atria l wall contractions is interrupted at
the time of the ventricular ectopic beat. The explanation for
this is that the ventricular impulse that provoked the ectopic
beat was conducted retrograde to the atrium and blocked
the expected regular anterograde atria l impulse; thus, me-
chanical atrial systole was interrupted . After recyclin g , how-
ever, regular sinus rhythm ensued. Translating the echo-
cardiographic findings to the reconstructed electrocardiogram
would lead to an electrocardiographic diagnosis of ventric-
ular ectopic beals with retrogra de concea led atrial conduc-
tion. Figure 2 is an exam ple of a fetal arrhythmia with both
an atrial and a ventricular ectopic beat on the same short
strip.
Fetal bradyarrhythmias: atrial bigeminal rhythm.
There were 13 cases of fetal bradyarrhythmia in this series
(Fig. 3 to 7) . In one unusual exampl e of bradycardia, the
fetal heart rate was noted dur ing a routine obstetric visit, at
22 weeks' gestation, to be in the range of 65 to 70 beatsl
min. Fetal ultrasonography was norm al exce pt for the ob-
served bradycardia. An M-mode echoca rdiogram (Fig. 3)
was recorded from a modified four chamber view with the
left ventric le positioned anteriorly. The M-mode cursor tra-
versed both ventricles and the recording showed normal
contractions of the right ventricular free wall at a rate of 65
beats/min . Interpolated between successive normal right
ventricular wall contractions were free wall thickenings that
appeared to be abortive systolic contrac tions. The atrial rate
during this time (Fig. 4 ) was 134 beats/min . It was noted
that the right atrial wall contractions occurred in pairs . One
of the pairs was taller and broader with a rounded apex,
whereas the second was shorter and narro wer and had a
pointed apex. A gated pulsed Doppl er stud y was performed
(Fig. 5) with the fetal heart in a modified four chamber view
that included the aortic valve and the sample volume po-
sitioned to sense flow in the left ventricular outflow tract.
on the ec hocardiogram in three cases . The evidence con-
sisted of pleural or per icardial effusion , generalized anasarca
or dilated cardia c chambers with reduced ventricular con-
tract ility ( 19 ).
Echocardiography. Echocardiograms were performed
with a 5 MHz mechanical scan head coupled to an Adva nced
Technology Laboratory MK-600 sca nner. The two-dimen-
sional sca n was used for precise positionin g of the M-mode
sampling cursor. M-mode tracings were recorded at 25 , 50
and 100 mm/s. In the majority of cases , the initial feta l
presentation was suitable for record ing M-mode tracings of
diagnostic quality . When this was not so, repositioning the
mother on the examining table or having her walk for several
minutes often rotated the fetus sufficie ntly to upgrade the
M-m ode tracing to acceptable standards.
To assess patterns and timing of flow across the atrio -
ventricular and semilunar valves, gated pulsed Doppler studies
were performed during periods of arrhythmia and sinus
rhythm . Th e min imal size sample volume was posit ioned
on the ventricular side of an atriove ntricular valve and on
the grea t vessel side of a semilunar valve so optimal velocity
profiles could be recorded at paper speeds of 50 and 100
rnm/s.
For the arrhythmia analysis, M-mode tracings with well
defined atrial and ventricular wall motion were selected .
The onse t of atrial wall motion served as the marker for
tim ing of the electrocardiographic P wave , whereas the onset
of ventricular wall thickening best approx imated the timin g
of onset of the QRS compl ex. Ventricular ectop ic beats were
usually associated with premature and often distorted free
wall thickening, followed by a compensatory pause . Ectopi c
juntional beats were con sidered to be ventricular ectopic
beat s because the two were not echocardiographically dis-
tingui shable . After plotting and timin g the derived P waves
and QRS complexes, a ladder diagram was constructed to
facilit ate interpretation of the rhythm disturbance according
to the method of Silverm an et al. (13) .
Results
Fetal ectopic beats. Of the 57 cases of fetal arrhythmia
encountered in the 3 year experience, more than half con-
sisted of recurrent isolated ventricular or atrial ectopic beats
(Table I ). Twenty-one cases of recurrent ventricular ectopic
beat s and 12 cases of recurrent atrial ectopic beats were
see n. In four instances, both atrial and ventricular ectopic
beats were recorded durin g one examination . These ectopic
beats appe ared to be ben ign because we had not encountered
echocardiographic evidence of an associated struc tura l or
functional cardiac abnormality . Figure IA is an example of
an isolated ventricular ectopic beat. In this example the right
ventricular free wall contracts earlier than the left ventricular
free wall, which would suggest a right ventricular ectopic
focu s. In Figure IB, the M-mode recording was obtained
Arrhythmia
Ventricular premature contractions
Atrial premature contractions
Complete hean block
Sinus or junctional bradycardia
Atrial bigeminy with 2: I block
Atrial flutter
Supraventricular tachycardia (unsustained)
Sinus tachycardia
Total
No. of
Cases
21
12
4
X
I
4
3
4
57
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Figure I. Premature ventricular ectopic beats .
A, The tnset in the upper portion depicts a
modified long-axis view of the fetal heart . The
M-mode cursor traverses the ventricular
chambers . On the M-mode tracing the fourth
ventricular contraction is a premature ven-
tricular contraction (PVC), followed by a
compensatory pause . Right ventricular (RV)
precedes left ventricular (LC) contraction ,
suggesting a right ventricular ectopic focus .
S, The inset is a four-chamber view of the
fetal heart . The M-mode cursor traverses the
right atrium (RA) , interventricular septum (VS)
and left ventricle (LY). The M-mode tracing
shows a premature ventricular contraction
(PVC) followed by a compensatory pause .
The series of atrial wall contractions (AI to
An) is interrupted after the sixth beat. The
interrupted atrial contraction is related to con-
cealed retrograde conduction that blocked the
normal anterograde atrial impulse. AS = atrial
septum ; AW = atrial wall ; LVPW = left
ventricular posterior wall ; RVA W = right
ventricular anterior wall; TV = tricuspid valve;
V = ventricular wall contraction .
RVAW
RV
Septum
LV
LVPW
AW
RA
RV
VS
LV
LVPW
Left ventricular ejection occurred after every other ventric -
ular contraction (see the Fig . 5 legend for further detail s).
Figure 6 is a gated pulsed Doppler study of the same
fetus with the heart in the four chamber view and the sample
volume positioned to sense mitral inflow. The velocity pro-
file showed an alternating pattern of mitral diastolic flow.
Analysis revealed that the alternating taller and broader ve-
locity profile always followed the ventricular beat that had
an effective stroke volume. After the effective ventricular
beat , normal diastolic filling occurred and the latter was
depicted by a taller and broader velocity profile. After the
ineffective ventricular beats, however, residual diastolic
pressure and volume were elevated , which resulted in im-
pairment of diastolic filling. The reduced diastolic filling
142g STEINfELD ET AL.
DIAGNOSIS Of fETAL ARRHYTHMIAS
--
--
--
..~-~-:" ... ... -:
.-
l ACC Vol. X. No. h
Ik ccmocr I'IXh:1425--.\.1
Figure 2. Atrial and ventricular ectopic
beats. The upper inset is a four cham-
ber view of the fetal heart. The M-mode
cursor transects the left ventricular (LV)
free wall. interventricular septum (VS)
and right atrial (RA) wall. On the M-
mode recording below. the fifth ven-
tricular (V) contraction is premature
(PVC) and followed by a compensatory
pause. The expected fourth atrial (a)
contraction, after three normal atrial
contractions, is blocked as in Figure lB .
A premature atrial contraction (PAC) is
associated with the early ventricular
contraction directly above. The atrial
contraction is premature and just pre-
cedes the ventricular contraction, indi-
cating anterograde atrioventricular con-
duction of an ectopic atrial impulse. Other
abbreviations as in Figure I.
was reflected in an alternating shorter and narrower velocity
profile.
Figure 7 is an M-mode recording of the same fetus with
the heart in a modified long-axis view and the M-mode
cursor positioned to traverse the left atrium. aorta and right
ventricle. Focusing on the aorta. it can be seen that the
aortic valve opens normally every other beat at a rate of 72
times/min. A diagnosis of atrial bigeminy best explains the
data obtained in this case. The second of the paired atrial
beats was conducted to the ventricle. but there was an in-
effective ventricular response. The cause for both the im-
paired ventricular response and the pause between the in-
------ - ~._'_...,_.. .
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Figure 3. Unusual case of bradyar-
rhythmia. The inset shows a four cham-
ber view of the fetal heart with the M-
mode sensor traversing the two ventri-
cles. The right ventricular (RV) free wall
posteriorly shows normal ventricular
contractions (V. long arrows) at a basic
rate of 65 beats/min. There are smaller
ventricular wall thickenings (V, short
arrows) alternately interposed between
normal ventricular contractions. Other
abbreviations as in Figure I.
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Figure 4. Same case. The inset shows
the four chamber viewof the fetal heart
with the M-mode cursor traversing the
left atrium (Ia), valve of the foramen
ovale(vfo), atrial septumandrightatrium
(ra), The right atrial (RA) wall poste-
riorly shows atrial wallcontractions (A)
at a rate of 134 beats/min. The larger
atrial wall contractions (large arrows )
alternate with smaller atrial wall con-
tractions (small arrows). Other abbre-
viations as in Figure I.
effective beat and the subsequent normal beat is not known .
The atrial bigeminy was persistent on the day of examination
and on two subsequent visits I week apart. but the arrhyth-
mia was not assoc iated with intrauterine heart failure. At
25 weeks' gestation. the rhythm became normal (Fig. 8)
and was normal at birth .
Complete heart block. This cause of bradyarrhythm ia
was observed in 4 of the 57 cases of prenatal arrhythmia.
In one of the four cases. in which there was a history of
maternal lupus erythematosus. at 36 weeks ' gestation a ven-
tricular rate of 40 to 50 beats/min and an atrial rate in the
range of 150 beats/min were observed . but in addition.
couplets and short bursts of ventricular tachycardia wen:
seen (Fig. 4). Intrauterine congestive heart failure was not
observed. but within 24 hours of delivery. heart failure
supervened. necessitating the application of a transvenous
pacemaker.
Intermittent fetal bradycardia. The re were eight re-
ferrals because of intermittent fetal bradycardia noted during
routine obstetric examin ations. In each of the eight fetuses.
the rate and rhythm were normal when the heart was initially
imaged. However, after manipulation of the echocardio-
Figure 5. Same case. Doppler re-
cording. The inset on the right shows
a four chamber cross-sectional view
with the M-mode cursor traversing the
left ventricle (LV) and left atrium(LA).
The Doppler sample volume. marked
by the large arrow above the mitral
valve(MV) . sensespredominantly left
ventricular outlet flow. The velocity
profile of left ventricular outflow is
marked by a central hollowarrow and
two fl anking long arrows. Left ven-
tricular to aortic (Ao) fl ow occurs 65
times per min. Every other systolic
cycle (X) shows no left ventricular to
aortic fl ow, There are short and long
cardiaccycles. The shorter cycle length
is accompanied by left ventricular to
aortic fl ow. whereas there is no fl ow
during the longer cycle length . Other
abbreviations as in Figure I.
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Figure 6. Same case, Doppler record-
ing. The inset shows the four chamber
cross-sectional view. the cursor tra-
verses the left ventricle (LV) and left
atrium (LA). The Doppler sample vol-
ume, marked by the heavy arrow,
senses anterograde mitral (MV) flow,
marked by the smaller arrows. Flow
across the mitral valve occurs in paired
cycles; the taller velocity profile repre-
sents greater mitral flow compared with
the smaller complexes. The greater di-
astolic flow follows normal left ventric-
ular ejection. The reduced diastolic flow
follows the ineffective ventricular beat
(X). See text for further explanation.
Abbreviations as in Figure I.
Figure 7. Same case. Fetal M-mode
tracing with the left atrium (LA) ante-
riorly, the right ventricle (RV) poste-
riorly and the aorta (AO) interposed be-
tween the two. The aortic valve opens
normally, 72 times/min. Either the al-
ternating ineffective ventricular beats are
not accompanied by aortic valve open-
ing or there is partial opening (long ver-
tical arrow). HR = heart rate.
Figure 8. Same case, at 25 weeks' ges-
tation. Inset at left shows a four cham-
bercross-sectional view with the M-mode
cursor traversing the atrial chambers. The
paired atrial contractions shown in Fig-
ure 4 have reverted to regular, normal
atrial contractions at a rate of 140/min.
Abbreviations as in Figure I.
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RVAW
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Septum
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Septum
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figure 9. Complete heart block ; three fetal M-mode echocardio-
grams taken sequentially. A, The M·mode cursor traversed the
two atrial chambers and the atrial septum . The atrial (A) rate is
151beats/min. B, The M-mode cursortraversed the two ventricular
chambers. The ventricular (V ) rate is 45 heats/min. C, The M-
mode tracing shows three consecutive ventricular (V) beats inter-
posed between two normal-appearing ventricular contractions. This
is an example of a short burst of intrauterine ventricular tachy-
cardia. Other abbrev iations as in Figure I.
graphic transducer and with only modest pressure on the
maternal abdominal wall, slowing of the fetal heart oc-
curred. The time of appearance of the bradycardia was un-
predictable and the onset was either gradual or abrupt. On
three occasions. there was sudden onset of a brief period
of asystole. After lessening transducer pressure. heart rate
and rhythm returned to normal in either an abrupt or a
gradual fashion.
Fetal tachycardia, This was recorded in seven cases.
Four cases showed unsustained atrial flutter with atrial con-
tractions recorded in the range of 400 beats/min. In three
cases there were no echocardiographic signs of heart failure
and all three fetuses were carried to term or near-term. One
fetus with supraventricular tachycardia and intermittent atrial
fl utter at 35 weeks' gestation was successfully treated phar-
macologically. Three fetuses firs t seen with unsustained atrial
flutter developed sustained atrial fl utter in gestation and had
atrial flutter postpartum. Electrical cardioversion was nec-
essary to restore sinus rhythm.
Three f etuses with unsustained supraventricular tachy-
cardia showed no signs of heart failure and were carried to
term without complication . Unexplained persistent sinus
tachycardia with heart rates ranging from 190 to 220 beats/
min was observed on four occasions. The rapid atrial rate
in this small sampling did not appear to impair cardiac
function. During this same period. in four cases of fetal
hydrops with generalized anasarca and dilated ventricular
chambers. the fetuses had sinus rhythm and heart rates below
180 beats/min.
Discussion
Reconstruction of fetal electrocardiogram from the
echocardlogram. The M-mode echocardiogram, guided by
real-time two-dimensional imaging, affords the unique op-
portunity for recording sharply defined atrial wall contrac-
tions in the fetus. The excursion of the atrial wall is pro-
portionately greater in the fetus than in the mature individual.
which is explained in part by a lower ventricular diastolic
compliance (20) and a disproportionately large volume of
diastolic flow during atrial systole. These prominent atrial
systolic contractions can be recorded independently or si-
multaneously with contralateral atrial wall. ventricular wall.
septal wall or aortic valve motion. depending on positioning
of an M-mode cursor on the two-dimensional image. Rea-
sonably accurate timing of the P wave of the fetal electro-
cardiogram is possible by assigning P waves to the onset
of the sharply defined atrial wall contractions. Similarly,
timing of the QRS complex is possible by linkage to the
onset of ventricular free wall contraction. which is generally
recorded without difficulty. A time plot of the relation of
the derived P waves and QRS complexes provides the basis
for reconstruction of the fetal electrocardiogram. A marker
on the M-mode echocardiogram for ectopic junctional foci
has not been identified; therefore. junctional beats are treated
as ectopic ventricular beats in the arrhythmia analysis.
Role of Doppler echocardiography. Gated pulsed Dop-
pler interrogation of semilunar or atrioventricular valve fl ow
adds an important dimension to arrhythmia analysis. For
example. premature ventricular contractions interrupt the
normal Doppler pattern of diastolic atrioventricular flow.
whereas isolated premature atrial contractions are usually
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associated with early-appearing diastolic flow patterns.
Doppler flow studies at the root of a great vessel provide a
qualitative assessment of stroke volume after one or more
ectop ic beats.
Ectopic atrial and ventricular beats. Recurrent ven-
tricular or atrial ectopic beats were the most frequent cause
for referral in our serie s of prenatal arrhythmias . These
ectopic beats have not been associated with echocardio-
graphic evidence of compromised cardiac function. Bigem-
iny and trigeminy have been observed to last for hours on
the day of examination and interm ittentl y thereafter, yet this
type of arrhythmia has not been shown in serial examinations
to have a deleterious effect on the fetus. Ectopic atrial and
ventri cular beats observed in the last trimester of pregnancy
tend to reappear with the same type of ectopic beats in the
early neonatal period, and these ectopic beats proved to be
as benign postnatally as prenatally .
Iatrogenic causes of fetal bradyarrhythmia. An iatro-
gen ic cause of fetal cardiac arrhythmias, particularl y in the
midtrimester of pregnancy, has now been documented. Pres-
sure by an echocardiographic transducer or a similar device
on the maternal abdominal wall has been shown to induce
fetal bradycard ia and , in at least one instance , cardiac asys-
tole lasting for as long as 10 seconds . Reducing pressure
on the abdominal wall usually resulted in a prompt resto-
ration of rate and rhythm to normal. Less frequently, how-
ever , after the brad ycardia there was a compensatory tachy-
cardia that lasted for a variable period of time. The bradycardia
can best be ascribed to a vaga l reflex , triggered by an in-
crease in intrauterine pressure . Because this reflex does not
appear to be difficult to elicit, it would seem that special
care must be exercised when apply ing echocardiographic
transducers and other devices to the maternal abdominal
wall during the midtrimester of pregnancy. It is entirely
conceivable that prolonged pressure on the abdominal wall
by any means may induce fetal cardiac dysfunction.
Diagnostic implications. Currently, it is our judgment
that all fetal arrh ythmias can and should be studied by echo-
cardiography. Auscultation of the fetal heart and fetal heart
mon itoring by Doppler techniques can readily detect pre-
natal arrh ythmias, but echocardiography and gated pulsed
Doppler studies offer the most reliable method s for inter-
preting these arrhythmias. Arrhythmi a analysis by indirect
fetal electrocardiography is limited in a variety of ways ( 16),
but it is the inability to clearl y distingui sh P waves on the
maternal-fetal electrocardiogram that makes fetal electro-
cardiography impractical .
Therapeutic implications. Treatment is now available
for the few serious arrhythmias to which the fetus is par-
ticul arly vulnerable ( 1- 10) . Pharmacologic intervention has
been shown to be beneficial in cases of fetal tachycardia
once the arrhythmia has been characterized. In our expe-
rience , however, only one case of supraventricular tachy-
cardia was satisfactorily controlled with digitalis. Atrial flut-
ter, especi ally in late gestation, proved unresponsive to our
attempt at pharmacologic management. Mod ification of ob-
stetric management , rather than drug therapy, is another
option when fetal bradycardia threatens viability. For ex-
ample, the recognition of compl ete heart block and echo-
cardiographic signs of heart failure would be a critical de-
terminant in judging the optimal time and method of delivery.
Furthermore. recognition of certain prenatal arrhythmi as
would serve to alert health professionals to a potential risk
to fetal or newborn well-being. Intrauterine atr ial flutter with
a rapid ventricular response observed late in pregnancy would
cause serious difficulty for the newborn should the arrhyth-
mia persist postnatally, unrecogni zed and untreated. How-
ever , with a prenatal diagnosis , the appropriate arrange-
ments can be made for delivery of the baby in a facility
capable of providing the necessary health care. In our ex-
perience with three cases of atrial flutter recognized in the
last trimester of pregnancy, all three infants had atrial flutter
at birth. Because the staff was forewarned, the managem ent
of the newborn was planned . In each instance, low dosage
electrical cardioversion term inated the atrial flutter and pre-
vented more serious complications from developin g in the
newborn nursery.
References
I. Barnes AB. Chronic propr anolol admi nistratio n durin g pregnancy-
a case re port . J Rep rod Med 1970;479:173- 80.
2. Eibschitz I. Ab inader EG . Kle in A. Sharf M. Intrauter ine d iagnosis
and co ntro l of fetal ventric ular arrh ythmia during labor. Am J Obstet
Gyneco l 1975;122;597- 600 .
3. Teuscher A. Bossi E. Imhof P. Erb E. Stocker F. Weber J . Effect of
propranolol on fetal tachycardia in diabetic pregnanc y. Am J Ca rdio l
1978;42:304-7.
4 . Wol ff F. Breuker KH. Schlensker KH. Bolte A. Prenatal diagnosis
and therapy of fetal heart rate anomalies with a contribution on the
place ntal transfer of verapamil. J Perinat Med 1980;8:203-8 .
5 . Lingman G , Ohrlander S. Oklin 1'. Intrauterin e digoxin trea tment of
fetal paroxysmal tachycardi a . Br J Obstet Gy naecol 1980;87:340- 2.
6 . Kerenyi TD. Meller J . Stein feld L, et aI. T ransplace ntal card ioversion
of intrauterine suprave ntric ular tachycardia with digital is . Lancet
1980;2:393- 7.
7. Durnesic DA. Silverman NH. Tobi as S . Go lbs M. Transplacental
card ioversion of fetal supraventricular tachyca rdia with procainamide.
N Engl J Med 1982;307:1128-31.
8 . Kleinman CS . Donn erstein R, Jaffe CC. et al. Feta l ec hocard iograp hy:
a tool for eva luatio n of in utero card iac arrhythmias and monitor ing
of in utero therapy : analysis of 7 1 patients . Am J Card iol 1983;51:237-
43 .
9 . Given BD. Phillippe M , Sa nder s SP . Dzav VJ . Procain am ide cardin-
vers ion of fetal suprave ntric ular tachyarrhy thrnia. Am J Cardio l
1984;53:1460-1.
10 . Kle inman CS. Copel JA. Wein stein EM. Sa ntulli T V Jr . Hoffens J .
Treatment of fetal supraventricular tachyarrhythmias . JC U
1985;13:265-76.
I I. Southall DP . Richard s J . Hardwick RA. et al. Prospect ive study of
fetal heart rate and rhythm patterns. Arch Dis Child 1980:55:506-1 1.
12. Shapiro I, Sharf M. Ab inader E. Prenatal diagno sis of fetal arrh yth-
mias: a new echocardiograph ic technique . JCU 1984;12:369-72 .
13. Silverman NH. Enderlein MA , Stange r P. Teitel DF, Heymann MA ,
lACC Vol. 8, No.6
December 1986: 1425-33
STEINFELD ET AI..
DIAGNOSIS OF FETAL ARRHYTHMIAS
1433
Globus MS. Recognition of fetal arrhythmias by echocardiography.
JCU 1985;13:255-63.
14. Crowley DC, Dick M, Rayburn WF, Rosenthal A. Two-dimensional
and M-mode echocardiographic evaluation of fetal arrhythmia. Clin
CardioI1985;8:1-10.
15. Kleinman CS, Donnerstein RL. Ultrasonic assessment of cardiac func-
tion in the intact human fetus. J Am Coli Cardiol 1985;5(suppl
1):845-945.
16. Allan LD, Anderson RH, Sullivan ID, Campbell S, Holt DW, Tynan
M. Evaluation of fetal arrhythmias by echocardiography. Br Heart J
1983;50:240-5.
17. Carter M, Gunn P, Beard P. Fetal heart rate monitoring using the
abdominal fetal electrocardiogram. Br J Obstet Gynaecol 1980;87:396-
401.
18. Huhta JC, Strasburger JF, Carpenter RJ, Reiter A, Abinader E. Pulsed
Doppler fetal echocardiography. JCU 1985; 13:247-54.
19. Kleinman CS, Donnerstein RL, DeVore GR, et al. Fetal echocardi-
ography for evaluation of in utero congestive heart failure. N Engl J
Med 1982;306:568-75.
20. Friedman WF. The Intrinsic Physiologic Properties of the Developing
Heart: Neonatal Heart Disease. New York: Grune & Stratton, 1973:1-32.
